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ABSTRACT 


Effect of pH and of presence of various anionic ligands 
(EDTA, oxalate, citrate, pyrophosphate) on Cu(II) sorptive 

capacity of Gan ode rata lucidum (M) and its alkali derivative 
(h c ) was studied along with the evaluation of their complexa- 
tion capacities to aid m elucidating the mechanism of metal 
uptake. The optimum pH of sorption was observed to be 6.0. 

The presence of phthalate ions m the buffer system reduced the 
metal uptake while acetate ions did not have any effect. Rever- 
sibility of sorption process was investigated employing the same 
sorption aqueous medium but without metal for desorption. A 
simple model, based on the adsorption isotherm and mass balance 
equation, was developed to predict the reversible component of 
sorption. The sorption process was found to be non- reversible 
while, eluants of 0.1 M HC1 and 0.01 M EDTA could completely 
desorb the sequestered copper. Presence of anions inhibited 
the Cu(I I) uptake, ranging from total inhibition at equimolar 
EDTA concentrations to apparantly no effect even at 20-fold 
molar excesses of pyrophosphate. The degree of inhibition 
followed the series EDTA > oxalate > citrate > pyrophosphate 
for G. lucidum (K) while the order was EDTA > citrate > oxalate 
> pyropnosphate for alxali treated G. lucidum (M c j. Employing 
pyrophosphate, instead of EDTA, to keep high metal concentra- 
tion required m metal processing industries would make the 
end pipe pollution control method, using biosorption, more 
amicable for removal and recovery of copper. The conditional 
stability constants of the ligand (s) on the sorbent surface, 
responsible for metal uptake, were determined to be 4.5 and 
4.7 L/mole respectively, for h and Me, with a metalsligand 
stoichiometry of 1:1. Tnis gave further evidence on the 
influence of anions during metal removal by M and M c . 

Key Words : Heavy metal, biosorption, Ganoderma lucidum , 

reversible component of sorption, anionic 
ligands, complexation capacity. 



1. INTRODUCTION 


Human activity has inevitably increased the levels of 
metal ions m many of our natural water systems. Mine drainage, 
industrial and domestic effluents, agricultural runoff, acid 
rams, etc., have all contributed to some extent to the metal 
loads m these waters. As a result of their toxicity, environ- 
mental mobility and complex chemical forms, increasing attention 
is being directed towards studying their removal and recovery 
from metal bearing waste streams. However, these metals do nor 
exist m isolation. Waste streams contain a variety of subs- 
tances capable of forming complexes with dissolved metal ions. 
These compiexmg agents can be either inorganic or organic m 
nature. These resulting complexes can markedly alter the chemical 
form (speciation) of the metal m solution. 

Due to tne increased solubility of che metals m presence 
of compiexmg agents which are normally present m metal bearing 
wastes, it is often not possible to attain the required removal 
py chemical precipitation methods. Further poor settling of 
colioidial particles and slow reaction rates at low metal con- 
centrations, make this method unattractive. Although, the 
recovery methods such as ion exchange, electrolytic removal or 
evaporation are more attractive, it is yet to be seen whether 
these methods are effective m the presence of compiexmg agents. 
Hence more attention has been directed towards the development 
of an alternate treatment strategy which involves cost effective 
commercial metnods for the removal and suosequent recovery of 
these precious metals from the environment. 



It has been known for sometime that heavy metal ions are 
accumulated by microorganisms, and a number of investigators 
have shown that microorganisms are valuable as an aid m remo- 
ving and recovering metals from waste streams (Rucholoft, 1949; 
Cheng et al . , 1975; Darnall et al . , 1986). Unfortunately, 

because of the problems inherent m maintaining active microbial 
populations under the highly variable conditions of wastewaters, 
tne living systems for metal removal and recovery are unreliable. 
However, certain types of microbial biomass can passively bind 
and accumulate metals even when metabolically inactive/dead, and 
can serve as a oasis for development of a potent oiosorbent mate- 
rial for concentration and recovery of strategic heavy metals 
Umzzareli et al., 1980; Volesky, 1987; Muraleedharan et al. , 
1988) . 

In order to establish biosorption as an alternative to 
the conventional metal recovery methods, the underlying mechanism 
controlling the extent ana pattern of removal is to be well 
understood. Studies on the uptake of metals by biomass, however, 
have been complicated by the nature of both the adsorbent and 
the metal species m aqueous solution (Ben j amine and Leckie, 
1981). The cell walls of microbes contain many potential sites 
for the uptake of ions, and it is unlikely tnat any one type of 
molecule or functional group is responsible for the adsorption 
of these metals. Further many of the metals have complex solu- 
tion chemistries and the equilibria involved are dependant on 
pH, concentration, the inorganic and organic anions present and 
many other factors (Volesky, 1987). Thus, localizing the metal 
deposition site within the biosorbent biomass and understanding 



the metal sequestering mechanism, as well as elucidating the 
relevant metal deposition site, are all crucial aspects of the 
quest for an efficient biosorption process featuring high metal 
selectivity and uptake. 

The present investigation is focussed towards the study 
of metal accumulation potential of a selected biosorbent under 
various aqueous conditions (e.g., pH) and m presence of diff- 
erent complexmg ligands whicn are usually associated with the 
metals in waste streams. Further, the adsorption-desorption 
behaviour of the biosorption system has been investigated to 
examine the reversiole component sorption as a function of 
metal concentration at a constant pH. An attempt to determine 
the conditional stability constants of the groups present on 
the sorbent surface has also been made. Ganoderma lucidum , one 
of the wood rotting fungi, which has recently been subjected 
for metal uptake potential and biosorption mechanism studies 
(huraleedhar an et _al., 1988; huraleedharan and Venkobachar, 

1990) was selected as the mosorbent m the present investiga- 
tion, and copper (II) was used as the model metal. 



2. LITERATURE REVIEW 


2.1. Scope 

Metal uptake capacity of certain microorganisms can be 
used as the basis of novel attractive technologies for the 
treatment of metal bearing waste streams. Understanding the 
mechanism underlying this uptake is of prime importance m the 
process design considerations. The current information on the 
biosorption capacity of different microorganisms and the pheno- 
mena/mechanistic considerations are presented m the following 
sections. An account of the effect of chemistry of aqueous 
environment on the biosorption potential is also reviewed. 

2.2. Accumulation of Metals by Microbial Cells 

It has long been known that certain species of micro- 
organisms can accumulate surprisingly large quantities of impor- 
tant metals (Rucholoft, 1949; Cheng et al. f 1975; Darnall et al . , 
1986). Important metals m tnis case include, metals involved 
m toxicity to humans (e.g., the transport of cadmium or mercury 
through food chains) and metals of commercial and economic value 
(e.g., the recovery of silver from industrial waste solutions). 
Many defence strategies have teen developed by these microbes 
to maintain a low cellular toxicant concentration. While some 
microbes have inherited the ability to resist high concentra- 
tion of metal through their evolution under extreme environmen- 
tal conditions, others have acquired a transferred resistance 
to a polluted environment consequent to industrial revolution 
(Wood and Wang, 1983) . Some of the potential applications of 
tnis metal uptake capacity of microorganisms are discussed here. 



2 . 2 . 1 . 


Microbes in Metallurgical Applications; 
Bioleachxnq 

It has been recognised that the microorganisms 
which developed ‘strategies' for combacting effects of toxic 
inorganics can be used m metal bioleaching and ore beneficia- 
tion (Olson and Kelley, 1986). The most successful and wide- 
spread application of metal resisting microbes has come m the 
area of biohydrometallurgy where a significant portion of metal 
production comes from dump leaching of low-grade ores. Micro- 
organisms such as Thion acillu s f eroxidans and Thiob acil lus 
thioxidans are found to be active m tnis process of metal 
leaching (Norris et _al., 1980). Further, commercial production 

of uranium has been achieved through biole aching process. 
Uranium bioleachmg processes rely on T. f eroxidans to maintain 
elevated levels of Fe m leaching solutions (Olson and Kelley, 
1986). Ehrlich (1986) reported the ability of T. f eroxidans 
for non-selective leaching of silver from a mixed sulfide ore 
containing Ag, Po, Zn, Fe and Sb m a batch process. 

2.2.2. Metal Removal in Biological baste Treatment 
Processes 

The success of metal bioleachmg methods has led 
to interest m the removal and recovery of toxic and valuable 
heavy metals from aqueous waste streams. Decontamination of 
mining and smelting wastewater has been reported, as the water 
passed through meandering streams and ponds where the metals 
were enriched m algal blooms (Hasset, 1979) . 

Microorganisms like bacteria, algae, fungi and yeast 
function either by accumulation of dissolved or particulate 
metals or by production of byproducts, which render the metal 
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insoluble. Rucholoft as early as m 1949 observed that activa- 
ted sludge efficiently removed plutonium- 2 39 from contaminated 
water. It was described that the decontamination process as 
the propagation of a microbial population having gelatinous 
matrices with tremendous surface area that are capable of adsor- 
bing radioactive materials. The removal of heavy metals from 
municipal and industrial wastes by biological treatment systems 
has continued to be of greater interest (Cheng et al. , 1975; 

Neufeild and Hermann, 1975). Hatch and henawat (1979) reported 
tnat Sphaerotilus natans , a bacterium found m waste sludge and 
polluted waters accumulated iron, magnesium, copper, cobalt and 
cadmium m an external mucilage layer. 

M orb erg ^1983j has reported the copper and cadmium accumu- 
lation capacity of Zoogloea ramigera , a dominant flocculating 
microbe of activated sludge. 

Metal uptaJce capacity of an active microoial community 
consisting of Pseudomonas maltophilia , Staphylococ cus aureus 
and a corneyform organism has been reported oy Charley and 
Bull (1979). 

2.2.3. Metal Removal by Microbially Inactive/Dead 
Sorbents 

Although, the microbial populations m waste 
treatment systems can effect heavy metal removal, there is 
always a real danger that these metals may poison the system, 
stopping biological activity and microbial growth. Even if the 
contaminant's level m the effluent do allow microbial growth, 
organisms are often unstable m such an environment and over a 
period of time adaptation may lead to a cnange m their metal 



uptake behaviour* Further, the system's inherent dependance on 
factors like pH, temperature and nutrient level etc., makes 
this method unreliable. 

Separation of the biomass propagation and metal uptake 
steps is one logical solution to this problem and has led to 
the development of non-living biosorbent materials. This 
approach allows the control of conditions of growth and proces- 
sing to increase metal uptake and facilitate elution and to 
improve physical properties of biosorbents. In fact, it has 
been demonstrated that dead cells accumulate heavy metals to 
the same or greater extent: than living cells (Galun et al . , 

1983) . 

The use of waste biomass from fermentation industries as 
raw biosorbent material was investigated by Tsezos and Volesky 
(1981; who examined the uptake of uranium and thorium by Rhizopus 
arrhizus . Beveridge & Murray (1976), working with pure cell wall 
preparation of Bacillus sun til is , reported that the microbial 
cell wall removed and retained ions of high-atomic number ele- 
ments. Further, Shumate et _al . (1978) reported rapid uptake 

of uranium from solution by resting Saccharomyces cerevisiae 
and Pseudomonas aerugionosa cells. Each microorganism was 
capable of accumulating 100 to 150 mg U/g dry weight. 

Dead cells of Zooqlorea ramiqera have also been examined 
for use m metal accumulation process (Norberg and Persson, 

1984) . The Diomass, consisting of an acidic polysaccharide, 
was used to accumulate copper, cadmium, ur any 1 ions and other 


c ations. 



Muzzarelli (1980) has examined the metal coxnplexmg abi- 


lities of fungal chitosan. The chitosan-glucan complex, extrac- 
ted and deacetyl ated by treatment of Aspergillus mqer biomass 
with sodium hydroxide, was found to sequester transition metals 
effectively. This method was considerably more effective than 
was purified chitosan of animal origin. 

2.2.4. Ketal Uptake by Other Micron 1 ally Based Sorbents 
Recent investigations by Muraleedharan (1988) 
snowed the excellent metal removal efficiency of a wood rotting 
fungus, Ganoderma lucidum, from metal bearing wastewater. The 
metal uptake was not significantly effected by the presence of 
other competing ions. Tne biosorcent could be reused for at- 
least 15 times witnout loss of efficiency. 

Rao (.1989) compared the Cu(Il) uptake capacity of 

G. lucidum , waste Aspergillus mqer from citric acid fermenta- 
tion, and waste activated sludge from a laboratory unit. Using 
4 gL soroent concentration and 0.5 mK Cu(II), uptake for 
G. lucidum was maximum ( 98 %) followed by waste activated sludge 
(40%) and A. mqer (14%). 

2.3. Biosorption of Ratals - Mechanistic Considerations 
An important aspect of the practical utilisation of 
microorganisms for the removal and recovery of the metals is 
the understanding of the mechanism underlying the uptake. 

The term biosorption is not specific with respect to the 
mechanism of uptake which may be via,: 1) Particulate inges- 

tion or entrapment oy flagella or extra-cellular filaments, 

2) active transport of ions, 3) ion exchange, 4) complexation, 

5) adsorption and 6) inorganic precipitation (Andelman, 1973; 



Shumate et _al., 1978). While the first two mechanisms have 
been reported for living cells, the latter mechanisms have been 
reported for living and dead microorganisms (Shumate and Stand- 
berg, 1978; Tsezos and Volesky, 1981; Beveridge and Murray, 1980) . 

Biosorption can be described as the non-directed, physical 
chemical complexation reaction between dissolved metal species 
and charged cellular components, akin m many respects to ion 
exchange. Also the precipitation or crystallization of metals 
can take place at or near the cell and possibly subsequent to 
initial biosorption complexation (Tsezos and Volesky, 1982a; 
Pooley, 1982) . Although, tne derailed biochemical or physio- 
logical reactions that actually occur is not considered here, 
it is important to realize that the physiological conditions of 
the cells at the time of inactivation, the chemical state of 
the reactive sites on the cells and the chemical state of the 
metals to be sorbed onto non-viable cell. 

In the subsequent sections cell wall characteristics of 
various types of microbes along with their interaction with 
metals, other cellular components capable of metal sequestering 
are dealt with. Investigations that were carried out to loca- 
lise the metal deposition site within biosorbent biomass to 
understand the metal sequestering mechanisms are also mentioned. 
The study on metal-ligana-microbe interaction is very important 
as m many practical applications, bisorbents will have to face 
the metal-ligand complexes rather than free metal. 

2.3.1. Metal Interactions with Cell Wall Components 

There have been numerous studies m which metal 
accumulation was either demonstrated or implied to occur at the 



cell surface or within the cell wall matrix. It has been gener 
ally assumed that surface accumulation is the result of complex 
ation reactions between metal ions and the charged receptive 
constituents of the cell walls (Volesky, 1987). Without elabo- 
rating on the structural details, it appears that there are 
constituents m these cell walls which have tne potential to 
complex metal ions. However, the wall composition is species 
dependant and also to some extent, is subject to the conditions 
under which the organisms are grown. For example, the protein 
and phosphate contents of yeast cell walls are significantly 
greater for organisms cultured at slow growth rate (Mcllurrough 
and Rose, 1967 ) . 

2.3. 1.1. Metal Interactions with Cell Wall 

Components of Bacteria 

It has been observed tnat a stoichio- 
metric interaction, either ion exchange or complexation, is 
possible between the metal ions and active groups on bacteria 
such as phosphodiester ( teichoic acid), phosphate, carboxyl 
(glycocides) and amine (amino- and peptido-glycosides and bound 
protein) on the polymers making up the cell wall (Beveridge and 
Murray, 1976). Studies by Doyle et _al. (1980) and Beveridge 
and Murray (1980) have provided strong evidences that the 
carboxyl groups (of glutamic acid) m the peptido-glycans 
present m the cell walls of Gram-positive Bacillus subtilis 
are the primary sites of divalent metal complexation. This is 
m contrast to earlier studies (Heptmstall et al . , 1970? 

Hughes et jal . , 1973), which suggested that the phosphate cont- 
aining thechoic acid m the cell wall was responsible for metal 



binding. More recently , Beveridge et _al. (1982) demonstrated 
that teichoic and teichuronic acids are the prime sites for 
metal deposition m the cell walls of Gram-positive B. licheni- 
f ormis . 

2 . 3 . 1 . 2 . Metal Interactions with Cell Wall 
Components of Yeast 

The surface of yeast cells can also act 
as an ion exchange resin witn rapid reversible binding of cat- 
ions. Strandberg et al ♦ (1981) have demonstrated the rapid 

uptake of uranium and postulated tnat the polyphosphate groups 
and tne carboxyl groups on the cell surface of S. cerevi siae 
are active in metal complexation. The phosphoryl groups appears 
to form stable complexes with uranium while the carboxyl groups 
became involved only when the phosphoryl groups are saturated. 
Rothstein and i^eir (1951) suggested that the surfaces of yeast 
cells contain reactive groups that are chemically similar to 
the high molecular weight polyphospnates which are responsible 
for uranium accumulation. However, it has also been established 
that the carboxyl groups of proteins can effectively complex 
uranium (Dounce and Flagg, 1949), ana proteins are present m 
yeast cell walls. 

2 . 3 . 1 . 3 . Metal Interactions with Cell Wall 
Components of Filamentous Fungi 

Biosorption of metals by the biomass 
of filamentous fungi has been mainly associated with the cell 
wall. The fungal cell wall is thought to have two mam compo- 
nents: interwoven skeletal framework microf ibrils, usually of 

chitm, embedded in an amorphous layer of proteins and various 
polysaccharides (e.g., mannans, glucans, and galactans). 



The formation of a coordination complex between the meta- 
llic species and the chitm nitrogen or oxygen has been suggested 
(Tsezos and Volesky, 1981). They suggested that uranium oiosor- 
ption includes at least three processes, including uranium co- 
ordination with the amine nitrogen of chitm, the adsorption of 
additional uranium m the cell wall chitm structure, and the 
precipitation of uranyl hydroxide within the cell wall matrix. 

In contrast, thorium accumulated primarily on the outer cell 
surface (Tsezos and Volesky, 1982a) . The proposed mechanism 
included rhe co-ordination of thorium with the nitrogen of cell 
wall chitm and the adsorption of hydrolysed thorium ions at the 
cell surface, apparently by other cell wall constituents. 

However, involvement of cell wall components other than 
chitm has been indicated by recent studies by Muraleedharan 
and Venkobachar (1990) . Experiments conducted by them with a 
wood rotting fungus G. luciduro have shown that the ammo groups 
m proteins or the chitm present m cell wall do not signifi- 
cantly contribute for the Cu(II) uptake. The electron paramag- 
netic resonance spectra studies on the uptake of copper (II) by 
G. lucidum have shown that the G. lucidum was having a very 
stable organic free radical (g = 2.003) and the cell matrix 
emoedding this free radical appeared to be responsible for its 
metal removal. Further, Esser and Erunnert (1986) isolated a 
cadmium binding protein from the fruiting bodies of the mush- 
room Aqaricus bisorpus , but the contribution of this protein to 
total metal uptake was only 20%, indicating the involvement of 
other group (s) as major contributor (s) to metal accumulation. 



2.3.2. Metal Interaction with Other Components of 
the Cell 

2 . 3 . 2 . 1 . Intracellular Traps 

The biosynthesis of intracellular traps 
for the removal of metal ions from solution is one of the strategae 
developed by microorganisms, so that the metal ion concentration 
does not reach toxic levels. One example is the biosynthesis of 
metalothionine and removal of Cd or Cu by tnis sulfhydral bear- 
ing protein (Wood and Wang, 1983). The synthesis of biopoly- 
mers appears to depend upon presence of either alkaline earth 
metals like l\a, Ca, K, Si or heavy metals like Cu, Zn, Fe, Co, 

Mo and Cd. In the former case biopolymers having predominantly 
an oxygen donor matrix to bind alkaline earth metals and m the 
latter case the biopolymers having a nitrogen and sulfur donor 
matrix to collect the heavy metal ion is synthesised. This 
correlates closely with the predicted partitioning for elements 
m organic or inorganic matrices (Williams , 1983) . Wood and 

Wang (1983) have developed chrougn selection, a nickel tolerant 

mutant of the Cy an ab ac te r rum synechococcus . This mutant could 
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tolerate upto 2 X 10 M nickel sulfate which is attributed to 
synthesis of biopolymers. Mutants with intracellular trapping 
mechanism tend to bioconcentrate the toxic metals intracellu- 
lar ly to approximately 200 times over external concentration. 

This process, however, is mutually exclusive to that which binds 
or precipitates the metals extracellular ly . 

2 . 3 . 2 . 2 . Efflux Mechanism 

Some of the non- selective ana non-essen- 
tial heavy metals are accidently picked up by metal transport 
systems designed for the transport of ions sucn as phosphates. 



The resistance of microbial cells to such non-benef lcial metals 


like As, Sb and Cd has been shown to occur through evolution of 
cellular exclusion mechanism. In some organisms like Staphylo- 
coccus aureus and E. coli , resistance is induced by operon 
like system (an operon is a DNA region that codes for several 
enzymes m a reaction pathway) . The resistance appeared to be 
mediated by an acquired plasmid (extra chromosomal DNA molecule) 
Two separate plasmids, namely, Cad-A gene codes for proteins 
that are involved m the efflux of Cd on tne inside and two H" 1 " 
from outside tne cell, while Cad-B gene is relieved to be 
responsxole for the synthesis of a Cd binding protein similar 
to metallothiomne. 

2 . 3 . 2 . 3 . Precipitation at the Cell Surface 

The precipitation of insoluble metal 
complexes occurs through a oiosyntnesis of oxidising agents such 
as and or membrane bound sulfate reductases. The reduc- 

tion of metal sulfate to sulfide provides a means by which metal 
can be complexed and precipitated at the cell surface. It is 
reported that several bacteria have been found to precipitate Ag 
as Ag 2 S at one cell surface (Poolev, 1982). Tsezos and Volesky 
(1982a) proposed that significant fraction of uranium accumula- 
ted within the wall structure of R. arrhizus by the precipita- 
tion of uranyl hydroxide. 

Results of Wood and Wang (1983) have indicated tnat 
Cy anadium caldanum , a thermophilic green algae can prevent the 
entry of metals like Cu, hi or Cr through the cell wall by an 
extracellular precipitation mechanism. The results indicated 
that tne algae possessed a membrane - associated sulfate 



reductase system, indicating that sulfide precipitation is a 
cellular detoxification mechanism. 

2.3.3. Study of Metal-Microbe Interaction; Non- 

reversibility of Sorption Reaction 

The extent of heavy metal sorption depends on 
many factors and can usually be rationalized within the frame- 
work of solution and surface chemistry. But less well under- 
stood is the desorption reaction which may give an insight into 
the mechanism of uptake. 

The conventional desorption tests for heavy metals are 
extractions using concentrated solutions of strong chelating 
agents like EBTA or concentrated acids or alkalies (Kuyucak and 
Volesky, 1989; Otter et al . , 1989; Muraleedharan, 1988). inis 

is m contrast to the usual desorption tests for organic chemi- 
cals m which tne same aqueous phase is used for both adsorption 
and desorption to directly test the reversibility. Heavy metal 
desorption into various extraction solutions has been found to 
be incomplete, suggesting ■chat the reaction is not completely 
reversible (Pickering, 1980; Stephenson et al . , 1987). The 

usual finding is that substantial quantities of the heavy metals 
remain associated with the solid phase even at high extractant 
concentration tnat should displace all the physically adsorbed 
metal (Forstner and Wiltman, 1979) . Studies have not been 
conducted on desorption that include adsorption and desorption 
isotherms using tne same aqueous phase. However, Ditoro et 
al . (1986) have analysed the adsorption-desorption isotherm data 

and examined the reversible component sorption as a function of 
pH, ionic strength and particle concentration, using the same 



aqueous phase. By studying the adsorption-desorption behaviour 
of nickel and cob alt-montmonl Ionite system m the same aqueous 
phase, they demonstrated that reversibility was not complete and 
varied as a function of chemical (pH and ionic strengtn) and 
physical (particle concentration) variables. 

2.3.4. Study of Me tal-Liq and-Microbial Sorbent 
Interactions 

Generally, metal rich industrial effluents contain 
soluble organic or inorganic ligands to keep the high metal con- 
centration m solution. These ligands are capaole of forming 
complexes witn dissolved metal ions and the resulting complexes 
can markedly alter the chemical form of the metal m solution 
thereby altering the sorption oehaviour (Benjamine and Leckie, 
1981) . 

There have been numerous studies of metal adsorption of 
'simple' systems, where the only reactions m which the metal 
ions participate are adsorption and hydrolysis and it was shown 
that pH was the dominant solution parameter controlling adsorp- 
tion m those systems. However, when complexmg ligands are 
added to a system the results cannot be generalised easily. 

Metal adsorption sometimes increases (Benjamine and Leckie, 1981) 
and sometimes decreases (Tobin et _al., 1987) depending on the 
particular metal, ligand, adsorbent and the pH range being 
studied. The interactions between metal ions, complexmg lig- 
ands and the adsorbents may be divided into three categories 
(Benjamine and Leckie, 1981), i.e., 

1. metal-ligand complex may form that are non- adsorbing 
or weakly adsorbing, resulting m a decrease m metal 


adsorption 



2. the ligands may interact with the adsorbent so as to 
enhance or decrease the metal crystal uptake potential 
and 

3. the metal-ligand system may form the complexes that are 

more strongly adsorbing than the free metal so that 

ligand presence results m enhanced metal uptake. 

Tobin et al . (1987) reported that the presence of anions 

3+ 2+ 2+ 2 + 

m solution inhibited the uptake of La , Cd , Po , UC^ and Ag 

by Rizopus arrhizus biomass. The anions investigated caused 

a wide degree of metal uptake inhibition, and none enhanced 

metal uptake. LDTA caused the hignest degree of inhibition and 

2+ 2 + 

completely innibited uptake of Cd and Pb at equimolar concen- 
trations. Uptake of the other anions was also markedly reduced 
by the presence of EDTA. The extent of uptake inhibition caused 
by the anions and their reported stability constants followed 
the same order of magnitude, which showed a direct competition 

for the metal between the biomass and the anions. However, for 
3+ 2-r 

certam La and UC^ systems these competition effects were 
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replaced by adsorption of rhe complexed metals and for Ag 
system the anion inhibition of uptake was consistent with anion- 
biomass interactions. 

Studies by Friiss and Keith (1986) on the effects of 
complexmg ligands on uranvl biosorption have shown that, large 
excess of carbonate ions can strongly inhibit the uptake. 
Complexmg ligands generally inhibited uranyl uptake m studies 
conducted with R. oliqosporus biomass, and the behaviour was 
interpreted as indicating simple competition for the uranyl ions 
between the biomass and the ligands (Sears et _al., 1984). 



Studies by Benjamine and Leckie (1982), on adsorption by 
inorganic oxide surfaces, have shown that the metal- ligand com- 
plex may respond to changes m solution pH m variety of ways 
depending on the stereochemical arrangement at the sorbing sur- 
face. Further, pH effects tne speciation of the metal m solu- 
tion which m turn influences the sorption Behaviour considerably. 

Thus a quantitative knowledge of the metal species present 
m solution and of those associated with tne cells is important 
for proper interpretation of rhe metal uptake behaviour of bio- 
sorbent materials. 

2 . 3 . 4 . 1 . heed to Study Chemical Speciation m 
Aqueous Medium 

The major progress m the understanding 
of trace metal interactions with aquatic microorganisms over 
the past decade has come from a better appreciation of the 
importance of the chemical speciation of tne metals m the 
medium (Morel, 1983). The speciation of a mecal is a critical 
factor to consider when assessing tne capacity of any microorg- 
anism to remove the metal from the aqueous phase. Further, it 
has been observed that tne toxicity or several transition metals 
to microorganisms decreases as a result of complexation , indi- 
cating that the free metal ion is the toxic form (Allen et al . , 
1980), which in turn depends on the speciation of the metal. 

2.3.4 . 2 . Metnods to Calculate Metal Speciation 
m Aqueous Medium 

Some of the most sensitive analytical 
techniques e.g., neutron- activation analysis and atomic- absorp- 
tion spectrophotometry, are not applicable to speciation studies 
because they measure only tne total metal concentration (Florence 



and Batley, 1977) . Even chough sdme analytical techniques do 
exist for speciation studies (e.g., differential pulse anodic 
stripping voltametryj, they can only provide information about 
a few dissolved species. Furthermore, the very low levels of 
dissolved trace metals usually prevent accurate and reliable 
determinations of subspecies which occur at still lower 
levels . 

Another classical approach to speciation consists of 
calculations based on chemical thermodynamic data. Several 
investigators (Perrin and Savcee, 1967; Florence and Bately, 

1976) have used computer programs to predict the chemical forms 
of trace metals m a defined media. Those methods were based 
on tne published stability constant data, together with known 
concentrations of various ions m the media to compute the equi- 
librium concentrations of the different chemical species. Bourg 
(1979b) has used a chemical equilibrium computer program, m 
which surface sites (for adsorption/desorption reaction) were 
treated as conventional ligands to describe adsorption effects 
m model solutions. 

Of primary importance m determining tne speciation of a 
given trace metal m solution are the nature and concentration 
of the various ligands present. Stumm and Morgan (1981) has 
reported that, if the 'available' ligand concentration is greater 
than the total trace metal concentration, the degree of complex - 
ation will be independent of the metal concentration and will 
depend only on the concentration of the individual ligands and 
the magnitude of the appropriate stability constant. 



2.3.5. Studies on Chemical Comp lex at ion Capacity of 
Biosorbents 

Measurement of complexation parameters (complexa- 
tion capacity and conditional stability constants) can give an 
insight into the mechanism of biosorption by identifying the 
existence of probable groups responsible for metal binding 
(Kunkel and Manahan, 1973; Shuman and Woodward, 1973). 

As the term implies, complexation capacity is a measure of 
the ability of a ligand to complex or mask the trace metal pre- 
sent. In otner words, it is the concentration of the unbound 
ligand m a water sample and its value will depend on the metal 
to wmch it is complexed and the analytical method used for the 
measurement. In reality one measured stability constant is the 
conditional stability constant. That is, the constant is mea- 
sured under a set of conditions Cp.-i, ionic strength, competing 
complexation etc.) which make the value different from the ther- 
modynamic stability constants (Morel, 1983). For a multi-ligand 
system, the measured stability constants will not be that for an 
individual compound, but rather will be an average value based 
on the overall extent of complexation (Crosser and Allen, 1977a). 

In order to overcome the difficulties inherent m identi- 
fying and quantifying all the organic ligands present m the 
biosorbent material whicn are responsible for metal binding, 
several investigators have treated this surface sites as conven- 
tional ligands (.Bourg, 1979b) and the complexation parameters 
was measured oy grouping together these various ligands, and 
representing tneir behaviour by means of certain average proper- 
ties (Stephenson et al . , 


1987) 


Most methods for measuring conditional stability constants 
involve a titration of the ligands with metal ion. The free 
metal ion concentration is measured and plotted as a function of 
total amount of metal added to the sample (Stephenson et al ♦ , 
1987). The inflection or change of shape m the titration curve 
occurs when the concentration of added metal ion is equivalent 
to that of tne ligand. 

Many investigators have reported the existence of several 
types of complexmg sites on the sorbent material. Mantoura and 
Riley (1975) reported the existence of number of complexmg sites 
on humic acid extracted from soil, while Buffle et _al. (1977) 
reported the existence of 1:1 and 1:2 metal :ligand complexes of 
copper and lead with ligands m natural waters. However, m 
most studies there have been no indication that the ligands 
present were sufficiently different to oe treated independently 
in interpretation. 

Recently, Stephenson et al . (1987), wmle investigating 

the mechanisms of the metal removal m activated sludge, discu- 
ssed a method to find the existence of groups responsible for 
metal binding. The complexation parameters of these groups were 
determined by measuring the free and complexed or bound metal 
concentration with no direct measurement of eitner the cound or 
free ligand concentration. An assumption of 1:1 stoichiometry 
for the metal :ligand complexes, indicated the existence of two 
distinct groups of binding sites with different complexation 
parameters. But, witn the consideration of n:l stoichiometry 
where n ^ 1, improved complexation parameters were obtained. 

The value of 'n* was found to be less than unity m the copper 
ligand system. 



Process Engineering Considerations for Metal Biosorption 


Although biosorption of a variety of metals can be consi- 
dered m the same framework as other adsorption processes, there 
are a number of significant differences that affect process 
design and scale up. 

For this type of process to became generally useful it 
must offer some advantages over conventional ion exchange systems. 
Thus far, results indicate that biosorption process (.that do not 
involve living microorganisms) is not as specific as ion exch- 
ange for particular metals so that its test use is for systems 
m which a range of metals are to be recovered (Glson and Kelley, 
1986). Furtner, the mechanism of biosorption differs from one 
microorganism to another (Volesky, 1987). Since the microbial 
activity is not involved m biosorption process, the biomass 
from various sources can be combined m some instances. As m 
the case with ion exchange, the uptake depends on pH, soluoi- 
lity, the nature and charge of ionic species, other anionic 
species, temperature and the capacity of biosorbents. Further, 
the solution chemistry of the metal is to be well understood for 
the scale-up considerations. However, unlike ion exchange, 
there can be significant differences m how tnese parameters 
affect biosorption by various types of biomass. Thus/ consider- 
ations should be given to properties of both the microorganisms 
and the metal, m scaling up biosorption process. 

The biggest problems m scale up originate from the 
incomplete understanding of the relevant phenomena, although 
efforts to unravel some of the mechanisms continue. For example, 
the knowledge of chemical or physiological reactions that occur 



during metal uptake might enable specification and control of 
process parameters to increase tne rate, quantity and specifi- 
city of metal accumulation. Also, by knowing the mnerent 
properties or activities of an organism that are responsible for 
metal uptaxe, it is possible to enhance the microorganism's 
ability to accumulate metals tnrougn environmental (i.e. growtn 
conditions; or genetic manipulation. 

2.5. Summary 

Accumulation of metals o\ microbial cells can be used as 
an efficient, alternate strategy for tne removal of neavy metal 
from metal bearing waste streams. But this process is strongly 
influenced oy the locai physical and cnemical environment. Impor 
tant parameters include pH and concertr ation of organic or inor- 
ganic complexing ac e rts vhicn can markedly cnange the sorption 
ben a^'iour. Usually, the waste streams contain a variety of 
comp lex mg agents and hence it is necessary to study tne metal 
uptake potential of tnese biosorbents m suen complex systems, 
lurtner, the metal binding siteisJ or ligand (s) on the surface of 
tne soroents snould ce identified to aid m elucidating tne 
mecnamsm of uptake. 



3. SCOPE OF THE STUDY 


From the preceding discussion it is evident that the 
biosorption potential of micron al biomass depends on many 
aspects of its chemical composition and tne environmental cond- 
itions during tne biosorption process. Further, as the waste 
streams contain a variety of comp lex mg agents which can alter 
tne cnemical form of the metal, tne solution chemistry of metals 
needs to be well understood to assist m assessing the applica- 
tion potential of tnese biosorbents to remove metals from com- 
plex, metal tearing industrial wastewaters. With this in view, 
the present study was undertaken. A w T ood rotting fungus, G. 
lucidum , was subjected to Cu(Il) uptake studies. The studies 
were undertaken along the following lines. 

a. Determination of equilibrium time for Cu(Il) uptake by 
G. lucidum and treated G. lucidum . 

b. Determination of equilibrium time for Cu(Il) release from 
the biosorbents into aqueous phase of similar conditions 
as that of sorption process. 

c. Tne effect of pH on metal uptake potential of biosoroents. 

d. The adsorption-desorption equilibria to checx the reversi- 
oility of sorption process. 

e. Desorption of metal from oiosorbents by a range of de sor- 
bents . 

f. The effect of anionic ligands such as pyrophosphate, oxa- 
late, citrate and EDTA on metal uptake by these sorbents. 

g. Computer calculation of equilibrium concentrations of 



species, present m mixtures of metal ions and complexmg 
agents. 

Determination of complexation parameters m the biosorp- 
tion of Cu(I I) by G. lucidum . 



4 . EXPERIMENTAL METHODOLOGY 


4.1. Materials 

4.1.1. Biosorbents 

Ganoderma lucidum , a wood rotting fungus collected 
from Kerala, India, was used as the biosorbent m the present 
investigation. This non-edible mushroom grows on trees and is 
considered to be a plant pathogen. Identification of the speci- 
men and microbial purity was ascertained by the Royal Botanical 
Garden (kew, England). The hand picked mushrooms were washed m 

Q 

tap water, dried at 50 C and pulverised to a geometric mean (.Gl > 
size ranging from 300 to 6 00 juM. 

4.1.2. Reagent Solutions 

(a) Stock Cu(II) Solution: Copper solution of 

desired concentration range CO. 20 to 4 . 0 mu) by dissolving AR 
grade CuSO^.SH^G in distilled water. 

Cb) Stock KKOj Solution: Stock KKCu solution of 0.1 M 

was prepared using AR grade KNO^ for use in the reaction mixture 
to have the desired ionic strength. 10% by volume of the stock 
solution was used m the kinetic and equilibria studies so as 
to give an ionic strength of 0.03 lu The ionic strength was 
determined by measuring tne electrical conductivity of the solu- 
tion sample and using it m the equation suggested ny Benefield 
et al. (1982) . 

(c) Buffer Solutions: 0.2 M acetate buffers of pH 4, 5 

and 6 were prepared as suggested by Loune (1975). 

Phthalate buffers of same pH values and strength were also 



prepared to study its effect m determination of optimum pH 
for biosorption. 

(d) Stock Solutions of Complexmg Ligands: Stock solu- 

tions of sodium citrate, sodium oxalate, disodium salt of 
ethyl enediammetetraaceticacid (EDTA ) and sodium pyrophos- 
phate, each of 0.1 M strength were prepared m distilled water. 
4.1.3. G1 assware 

Glassware was saturated with Cu(Il) before conduc- 
ting the sorption studies by immersing m 1 mK: Cu(II) solution 
for 24 hours. After that they were washed m 0.01 M HNO^ foll- 
owed by distilled water. 

4.2. Methods 

4.2.1. Pretreaoient of Eiosorbents 

Alkali treatment of sorbents were carried out 
according to the procedure described by Muzzarelli et al . 

(1980) . 100 ml of 40% haOH was added to 20 g sorbent and the 
mixture was maintained at 103°C m a hot air oven for 4 hours. 
Sorbents were then washed repeatedly with distilled water 
followed by acetone and ether, and air dried. The dried sor- 
bents were pulverised to the same size as the untreated one. 
Treated sorbent w T as designated as M^. 

4.2.2. Preconditioning of Biosorbents 
Preconditioning of sorbents at the desired pH 

values was enforced m order to eliminate the effect of buffer 
components on copper uptake by biosorbent m some experiments. 
This was done according to the method, suggested by Tsezos (1983). 
Sorbents were conditioned first by washing with distilled water. 
The washed soroenr was then suspended m water, the pH of 



suspension was adjusted to the desired level with either 0.01 N 
NaOH or HCl solutions. Sorbents were allowed to stand for 3 to 
4 hours following which the pH was again readjusted to the 
desired value and tne process was repeated several times till 
there was no significant change m solution pH. Sorbents were 
then collected by filtration and dried at 65-70°C. After adding 
soroents to the metal solution, the pH was again readjusted to 
the desired level, using O.Ql N haOH or HCl, if necessary. 

4.2.3. Estimations 

4 . 2 . 3 . 1 . Estimation of Total soluole Copper (II) 
Total Cu(II) estimation was carried out 

by "Cuprethol method" as given in Standard Methods (1968). The 
intensity of the yellow coloured complex was measured at 440 nM 
m a spectrophotometer- 106 (Systronics, Ahmed ab ad ) . A calibra- 
tion curve was prepared and with every estimation two standards 
of Cu(ll) were used. 

4 . 2 . 3 . 2 . e stimation of Free Copper(Il) 

The free copper present m the solution 
was measured using an ion specific electrode (Orion, U.S.A. ), 
connected to a digital pH/mV meter (Hlico, Hyderabad) . This 
electrode wnen m contact with a cupric solution develops an 
electrode potential across the sensing element which depends on 
the level of free cupric ion m solution. This potential can 
be measured against a constant reference potential with a digi- 
tal pH/mV meter. 

Different standards were prepared v?hich bracketed the 
expected sample range and differed m concentration by a factor 
of ten. The calibration curve was prepared by plotting the 



electrode potential of the standard solutions on a linear axis 
against their concentrations on the log axis. The concentra- 
tions of the samples were determined oy comparing witn the stan- 
dards. Ionic strength adjuster (4% by vol., Orion Cat. ho. 
940011) was added to all solutions to ensure that samples and 
standards were of similar ionic strength. 

4 . 2 . 3 . 3 . Estimation of COD 

COD of the solution samples were meas- 
sured before and after the sorption experiment with various 
ligands, using close reflux ti trimetric procedure as per Stan- 
dard Methods (1985). 

4.2.4. Experiments 

4 . 2 . 4 . 1 . Kinetics of biosorption 

Sorption kinetics studies were conducted at 
room temperature and at different pH values. A series of reac- 
tion bottles, containing 50 ml of 0.5 mM metal solution, 100 mg 
of soroent, and 0.02 M acetate buffer to adjust the pH values 
m the range of 4-6, was mounted on a rotory shaker and agitated 
whereby each reaction bottle contents was m contact for a 
certain period of time. At the definite time interval a bottle 
was withdrawn from the shaker and the contents was centrifuged 
an a refrigerated centrifuge (Remi Instrument, Bomoay) at 
5000 rpm for 30 minutes (2000 x g) to remove the non-settled 
biosorbent. The supernatant was withdrawn and subjected to 
copper analysis. 

4 . 2 . 4 . 2 . Effect of Solution pH on Sorption 

Batch sorption experiments were carried 
out at different pH values ^4-6) to study the effect of solution 



pH on biosorption. Experiments were conducted using both ace- 
tate buffer (0.02 M, pH 4, 5 and 6) and phthalate buffer (0.02 
M, pn 4 , 5 and 6) to maintain the pn. 50 ml of tne reaction 

mixture, consisting of the sorbent (100 mg), metal solution 
(0.5 mh) and the appropriate buffer, was agitated on a rotory 
shaker at 30 rpm for 3 hour. Experiments at pH above 6 were 
not conducted because of the decreased solubility of copper. 

The contents of the bottles were centrifuged ana tne super- 
natant was analysed for Cu(II) residual concentration. Experi- 
ments were carried out using preconditioned soroent also, to 
study the effect of anionic ligand components present m the 
Puffer solutions m determination of optimum pH for copper 
removal. No buffer was used m this case and all other condi- 
tions maintained were identical. 

4 . 2 . 4 . 3 . Sorption-Desorption Equilibria 

Experiments 

Adsorption-desorption equilibria 
studies were carried out by the following procedure. The 
aqueous phase (100 ml), containing buffered distilled water, 
metal of known concentration, ionic strength adjuster (0.1 K 
KNO^) and sorbent (.400 mg), was agitated on rotory shaker at 
30 rpm until equilibrium was reached. The aqueous phase pH 
values were also varied m the range of 4 to 6 keeping the 
ionic strength constant (0.03 M) . 

The initial metal concentrations m the systems ranged 
from 0.2 to 4.0 mil for pH 4 and 5 and from 0.2 to 1.6 mil for 
pH 6. Sorbent-free blanks were run simultaneously to ensure 
that no precipitation of copper was occurred during the long 



contact tame. The contents were then centrxfuged (5000 rpm for 
30 min) and the metal concentration of the aqueous phase was 
determined. 

For desorption studies, the solution mixture was filtered 
through a filter paper (Whatman ho. 1' and the loaded sorbent 
was collected and dried at 50-60°C. The loaded sorbent (100 mg) 
was then resuspended m a copper-free aqueous phase (25 ml) of 
same conditions as chat of sorption experiments. The reaction 
mixture was agitated until the desorption equilibrium was reached. 
Determination of desorption equilibrium, time is discussed m next 
section. An aqueous phase sample was witndrawn after centrifu- 
gation and analysed for copper. 

4 .2.4.4. Kinetics of Desorption 

The sorbents (2 g/L) were loaded with 
Cu(ll) by contacting with aqueous phase containing 3.2 mM copper 
and agitating on a rotorv shaker for 3 hour. The soroents were 
then separated out, by filtration, and gently washed with disti- 
lled water. The desorption kinetics experiment was then carried 
out by resuspending the loaded sorbent (100 mg) m a senes of 
reaction bottles containing 50 ml of buffered distilled water. 

The pH was kept at 5 using acetate nuffer during both 
adsorption and desorption experiments. The system was then 
agitated on a rotory shaker whereby each reaction bottle contents 
was m contact for a certain period of time. The supernatant was 
centrifuged and analysed for copper. 



4 . 2 . 4 . 5 . Desorption Studies Using Different 
Eluants 

After Cu(Il) has oeen sorted onto tne 
sorbent, frorr copper solutions or different initial concentra- 
tions, tne sorbent was separated out by filtering tnrough hnat- 
man no. 1 filter paper and was gently washed witn distilled water. 
The loaded sorctnt was tnen dnea at 5G-tO c, and a known quan- 
tity vlQG mg) was resuspended m tne eluant solutions ISO ml). 

The miiture was agitated m a rotory shaker for 3 tours. Tne 
eluants used were 0.01 1. disociur salt solutior of etnylene- 
aian me te tr secetm acm vuDT<-: a^a 0.1 a nC. solution. Tne 

contests ox tre re a cticr. mixture was tner centrifuged and anal- 
ysed for copper. 

4 . 2 . 4 . 6 . Effect of Complexino Ligands 

Reaction niiture, consisting of 0.5 j<u 
metal solution and respective cornplexmg ion icitrate, oxalate, 
EDTA and p_> ropnosphste > was taken m different nettles and tne 
ph was adjusted to 5 using acetate buffer Lu.02 E) . Tne concen- 
tration of eacn cornplexmg agent w^as ranged from 0.01 to 1 X 
10" 5 I.. Tne final volume or textures, _n eacn bottle, was made 
upto 50 ml ana tne biosorrent vEO me; was adaed. Tne entire 
rni>ture was ag itateo at 3o for 3 nour, after wmen the con- 

tents was centrifuged and analysed for CuiII' resiaual. The 
free metal concentration was rreasureu using ion specific elec- 
troae iCnon, b.O. Anotner set or bottles, with volume ana 

contents of the rr,i> ture sanx as above except tne cornplexmg 
liqano, was also agitated at 3u rp. i xor o hour ana the results 
were usee as a control i:r the e>pe rimer t . 


Lx ox the aqueous 



pnase was also measured before and after the experiment to stud} 
whether the ligands or complexea species were adsoroea onto the 
soroent surface. 

4 . 2 . 4 . 7 . iu easurerrer t of Complexation Parameters 
Preconditioned sorbents (.both treated 
and untreated/ v»ere usea ts aetermnt tne complexation capacity 
and conditional star-ility coostarts of the metal binding sites 
on tne nosoroent surface. ReactxOn mixture of 50 nl volume, 
containing metal of knoxn concentrations and preconditioned 
soroe-'ts, ras egitateo on a rotor.* snaxer for 3 nour. Tne 
initial metal concentrations were varied from 10 to 100 m.c L _ " . 
Soroert-free clanks vere run simultanec asl^ as a control tor 
tne experiment. Tne contents of reaction bottle was certnru- 
ged ana tne cnange m the supernatant ph was noted. The total 
metal and tne free metal concentrations m tne supernatant were 


analysed 



5. RLSULTS AND DISCUSSIONS 


Biosorpt ion potential of microbial biomass depends on 
many aspects like type of active sites and their ionisation on 
the surface of biomass, its microporous structure and the chem- 
ical composition and environmental conditions of the aqueous 
phase m which metal is dissolved. Since wastewater contains a 
variety of complexmg agents, their effect on the metal uptake 
capacity of the microbial sorbents needs to be studied for 
scale-up considerations. The present work is, thus, directed 
to evaluate the metal uptake potential of the native Ganoderma 
lucidum and its alkali treated derivative, at different aqueous 
environmental conditions (pH, presence of anions, etc.). 
Sorption-desorption equilibria was studied to determine the 
reversible component of sorption. The effect of various anionic 
ligands/complexmg agents on Cu(II) uptake by the sorbents were 
determined. Further, the complexation parameters and the 
stoichiometries of soluble me tal- sorbent interactions were also 
studied. These aspects are expected to assist m elucidating 
the mechanism of biosorption oy G. lucidum . 

5.1. Sorption Kinetics 

Figure 5.1 presents the residual Cu(II) concentration 

profile with time for pH 4, 5 and 6, for both G. lucidum (h) 

and alkali treated G. lucidum (H ). The Cu(II) removal was 

— c 

rapid with more tnan 90% of the total sorption occurring m 
3 0 minutes. The effect of p.H on rate of sorption was marginal, 
thougn the total sorption capacity was much higher at pH 6 
than at pH 4 . 



Fig 51 Kinetics of Cu(ll) Sorption by M and M c 
at Varying pH of Aqueous Phase 




Adsorption has been described as a very fast phenomenon 
when it is nor limited by mass transfer. Further, 
kinetics of adsorption depends upon its mechanism. The fungal 
cell wall can oe viewed as a microporous structure because it 
allows the passage of inrr acellul arly manufactured enzymes and 
other macromolecules. The kinetic data on Cu(Il) biosorption 
m the present work clearly indicates that the equilibrium 
plateau is established within 60 mm. The processes involved in 
reaching this must, tnerefore, be very rapid. Chemical complex- 
ation and adsorption are noth rapid processes and may, there- 
fore, account ror the ooserved rapid establishment of equili- 
brium. 

It is significant for the process application of Cu(II) 
.Diosorption that the examined Cu(II) biosorption system reacned 
final equilibrium very quickly, independant of the solution pH. 
Hence, high rate contact processes such as fluidised bed reactor 
may be suitable, to make use of this rapid metal uptake ay 
microbiaily based adsorbents. 

5.2. Effect of Solution pn on Eiosorption 

Effect of hydrogen ion concentration on the binding of 
copper (II) to sorbents was studied m pH range of 4 to 6 , as 
ph of most of the metal bearing wastewaters falls m this range. 
Furtner, m this pH range, as per solubility calculations, 
copper is expected to be m solution for an initial concentra- 
tion of 0.5 mK. However, at pH 7 and higher, tne effect of pH 
on metal uptake was not determined, as Cu(ll; would precipitate 
as Cu (OH) 2 ( s) . 



In the earlier investigations (Rao, 1989), to determine 
the optimum pH of biosorption of Cu(II) by G. lucidum , A. niqer 
and the activated sludge m the range of 4 to 6, two different 
buffer systems viz., acetate and phthalate buffers, were used. 

The presence of acetate or pnchalate as anions m sorption 
medium would be having tneir own effect on the removal of copper 
and, hence, will not exhibit truly the effect of only tne 
hydrogen ion. 

In the present investigation experiments were, therefore, 
conducted using acetate or pnthalate buffers separately to main- 
tain tne desired pH range. Figure 5.2 shows the percentage 
removal of copper (.II) by botn M and M at different pH values. 

The following observations can be made: 
l) The removal of copper (I I) bot-h by M and M c m the pre- 
sence of phthalate as anion (used to maintain pH 4 to 6 ) 
was less than that when acetate was employed for main- 
taining pH in the same range, indicating phthalate to oe 
inhibitory to Cu(Il) sorption, 
n) The optimum pH is found to be at 6 for both M and K 
irrespective of w r hether acetate or phthalate buffer 
system was used. This was contrary to the results obta- 
ined when acetate was used to maintain pH 4 and 5 and 
phthalate for pH 6. 

For both G. lucidum (h) and alkali treated G. lucidum (i v i ) , 
as the pH was reduced from 6 to 4 , the Cu(II) removal efficiency 
was decreased by about 20%. This indicates significant compe- 
tition for the active sires between the copper (II) ions and the 
hydrogen ions. Further, met al- sorbent interaction depends on 
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the speciation of the metal m the aqueous phase as well as 
the functional v roups available on the sorbent. Since 10 ms- 
aole groups such as - COOH and -NH^ may be involved m metal 
complexmg P^ a of these groups on the sorbents play an impor- 
tant role m the metal uptake. Howwver, between pH 5 end 6, 
the pH effect was marginal and hence th6 biosorbents could be 
effectively used for industrial wastewaters wnere the pH usually 
ranges from 5 to 6 . 

In order to determine the absolute effect of presence of 
anions of the buffer systems, the sorbents preconditioned m 
the pH range of 4 to 6, were subjected to metal uptake studies 
without addition of any buffer. Results presented m Figure £.2 
snow that tne adsorption of Cu(II) was markedly affected ry 
phthalate while acetate had no effect on rhe sorption behaviour 
by the biosoroents. The equilibrium pH of the solution, wnen 
G. luc idum (m) was employed for sorption process, appears to 
reduce slightly wnile it is not so with treated G. lucidum (K ) . 
In all further experimentations, whenever the pH was required 
to be kept constant, acetate Duffer was employed. 

5*3. Sorption-Desorption Equilibria; Studies on Reversibility 

of Biosorption 

Tne partition of trace metals between solid phases and 
natural waters is an essential feature of their geochemical 
behaviour m tne environments. Adsorption and desorption toge- 
ther determine and are equally important for the reversibility 
of the sorption process. The extent of reversibility is of major 
importance if one is concerned with the release of adsorbed metal 
into solution during changes m chemical environment (e.g. 



concentration gradient). Further, the desorption reaction can 
be used as an important tool to study the mecnanism of biosor- 
ption. To determine the reversibility, the same aqueous phase 
witn and without the metal can be used for studying the adsorp- 
tion and desorption. 

5.3.1. Adsorption Equilibria Studies 

Adsorption isotherm can often provide much infor- 
mation about the nature of the physico-chemical interactions 
involved m the surface immobilisation of toxic metals. Plots 
ox equilibrium metal loading by the sorcent (q £ , mg.g ) against 
residual concentrations of metal remaining m tne solution after 
equilibrium (c , mg.L -1 ) are given an Figures 5.3 to 5.5 for 
different pH values. The initial soluble metal concentrations 
ranged from 0.2 to 4.0 mh for pH 4 and 5 whale it was kept bet- 
ween 0.2 and 1.6 mh for pH 6 due to the possible precipitation 
of CulII). 

Tne sorption curves indicate that tne solution pH affected 
copper (II; biosorptive uptake. For botn M and M , lower Cu(II) 
uptake was observed at pH 4 tnan at pH 5 and 6. Further, at 
all pH values, alkali treated G. luciaum (M ) was shown to be 
marginally better biosorbent compared to the untreated G. 
lucidum (h) . 

The Cu(Il) biosorption curves could te linearised by 
widely accepted adsorption isotnerm models, namely those of 
Langmuir and Freunalich. Linearised form of Freundlich equa- 
tion is 

log q fe = log j\ t + | log c £ 


(5.1) 




G lucidum (M) at Different pH 




Residual Cu (II) Concentration in Aqueous Phase (C,), mg L 

Fig 5 4 Equilibrium Distribution of Cu(ll) Between Aqueous Phase a 
Treated G luc i dum (M c ) at Different pH 
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Fig 5 5 Equilibrium Distribution of Cu(ll) Between Aqueous Phase 
and Sorbent (M & Mj at pH GO 



where = amount of sorbate sorbed per unit weight of the 
sorbent; c e = equilibrium concentration of sorbate m solution; 
and K.^ and n are constants relating to sorption capacity and 
intensity . 

Altnougn, various linearised forms of Langmuir equation 
are available, the following relationship was used for the plot: 



where Q q = weignt of tne solute deposited per unit weight of the 
sorbent; and o = a constant. 

The experimental data on sorption equilibria for M and M 

(pH 4, 5 and 6; = 0.03} fitted to noth Langmuir and Freundlicn 

models are presented m Figure 5.6. However, slight variations 

of data from the Freundlich model was observed at higher initial 

metal concentrations. The isothermal parameters like K_, — , Q 

f n o 

and b are estimated and given m Taole 5.1, along v/ith the 
corresponding adsorption isotherm equations. 

5.3.2. Prediction of Cu(II) Desorption Behaviour 

The adsorption equilibrium isotherms along with 
mass oalance car be used to maxe prediction regarding the rever- 
sibility of sorption reaction or desorption. This is because 
tne desorption experiment simply involves replacing the equili- 
brium sorption medium with either distilled water or identical 
aqueous sorption solution without metal and waiting for new 
equiliorium. When the new equilibrium is established, obviously 
tne entire metal will desorb, if the process is reversible. 













Table 5.1. Estimated Isotherm Parameters with Corresponding Biosorption Isotherm 
Equations for Sorbents (hi) and (M ) 
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Linearised Langmuir adsorption isotherms were employed to 
formulate the desorption model since the data gave a better fit 


for the entire range of initial metal concentrations. 
Langmun isotherm can be expressed as 

bu o c e 


1 + b c 


( 5 . 3 ) 


Upon initial equilibration with the metal, the amount adsorbed. 


q T / is: 


q T = q e W (5.4) 

where W is the biosorbert dose. 

If the sorption equilibrium solution is replaced by either 
distilled water or by identical aqueous sorption solution with- 
out metal, the mass balance is 
q ' K + c ' ¥ = q T 


where q* and c' are tne new equilibrium values and V is the 
volume of solution. Tne value of c* can be determined from 


= c'V + 


b Q c ' 

o 

(1 + be 1 ) 


. W 


( 5 . 5 ) 


The predicted c' value from the mass balance and the adsorption 
isotherm can be determined using the following equation, 

bVc ‘ z + (V + bL o >.' - bq T )c* - q T = 0 (5.6) 

A comparison of experimental c’ value with chat predicted 
using the above equation, can facilitate to determine whetner 
the desorption is reversible or not. 

To study the desorption of Cu(II) from the loaded sorbent 
into aqueous phase, the equilibrium time for desorption need to 



be determined. The desorption kinetic experiments were conduc- 
ted by determining the desorbed Cu(Il) concentration into 
aqueous phase from the loaded soroent (M and M ) at various time 
intervals. The desorption kinetics behaviour by both M and M 
at pH 5 is shown in Figure 5.7. The kinetics of metal desorp- 
tion was found to be rapid with equilibrium being attained just 
after an hour. novever, a three hour equilibrium time was 
taken for desorption. 

Experiments were conducted, to check the applicability of 
the desorption model developed for prediction of desorbed metal 
concentration, ana to study the mechanism which prompts desorp- 
tion. The predicted desorption isotherms, using the above model, 
and the experimental desorption isotherms at different solution 
pH (.for h and > ^ presented m Figures 5.8 and 5.9. It can 

be observed that tne Cu(II; desoroed into the aqueous phase at 
equilibrium time is much less than the predicted values. This 
indicates that tne sorption is irreversible. Tms, further, 
suggests tnat involvement of chemical interactions netween tne 
metal or its species and soroent, is responsible for adsorption. 
Onserved meagre reversiole component of sorption could be attri- 
buted to the physically adsorbed copper. Further the results 
suggest a slight decrease m the reversible component of sorp- 
tion as the pH increases. However, significant non-reversibi- 
lity existed throughout the pH range (4 to 6) for both h and K . 

As the desorption did not occur m the simple aqueous 
medium, the results of the experiments on desorption, conducted 
using aqueous based eluants like EDTA and HCl, are presented m 
the succeeding section. 



Time , h 



Fig 5.7 Kinetics of Cu(ll) Desorption from M 
and M c 


Sorbent Dose 2 g L 
Equilibrium Time 3 h 
Ionic Strength 0 03 M 



Fig 5 8 Equilibrium Desorption of Cu(ll) into Aqueous Phas 
from G lucidum (M ) 
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5.4. Desorption of Cu(Il) from Biosorbent Using Different 

Eluants 

Two types of eluting agents, one a strong chelating agent 
of the metal (ethylene diamine tetra acetic acid) and another 
mineral acid (HC1) were tested and evaluated as to their desor- 
ption capacity for Cu(Il) from the fungal biomass M and M . 

These biosorbents, earlier loaded with copper(Il) at pH 5, were 
subjected to elution using 0.01 H EDTA or 0.1 M HC1 for 3 hours 
at room temperature. A plot of Cu(Il) adsorbed from aqueous 
phase against Cu(Il) desorbed from solid phase for the two 
eluants is presented m Figure 5.10. It is evident that virtu- 
ally all of the copper (II) adsorbed on the biomass, was desorbea 
during the elution process. Elution by 0.1 M HC1 solution resu- 
lted m complete desorption of Cu(II) into the solution phase 
while slignt amount of Cu(Il; appears to have been retained on 
the sorbent after the desorption by 0.01 M EDTA. The elution 
efficiency of the same aqueous phase as that of sorption medium, 
but without copper, was also checked. The results given in 
Figure 5.10, suggest that the desorption of Cu(II) into the 
same aqueous phase is negligible. 

In the case of HC1 solution, the nigh concentrations of 
protons may dislodge Cu(Il) from tne active sites so as to make 
the bond between Cu(ll) and prospective group (s) labile. EDTA 
forms a strong complex (stability constant of 10.7) witn Cu(II) 
and the desorption mechanism may be of direct competition for 
the metal between the biomass ligands and EDTA. 

In the course of present experiment, no attempt, however, 
was made to optimize the elution process. It is possible. 



Cu (II) Desorbed from Solid Phase, mg g 




Cu (II) Adsorbed from Aqueous Phase, mg g 


Fig 510 Desorption of Cu(ll) from Solid Phase Using 
Different Eluants 




however, m large scale operation, to optimize the elution 

\ 

t 

process to produce a low volume, high concentration eluate to 
maximum copper recovery efficiency while minimizing the elution 
effects. This could be done by proper selection of EDTA or HC1 
concentrations and eluant volumes. 

5.5. Studies on the Eff ect of Com plexing Ligands on Cu(II) 

Sorption 

Adsorption of trace metals from aqueous solution varies, 
depending on the physicochemical forms of the metal. This depe- 
nds on the chemistry of water m which the metal is dissolved. 
Generally, metal rich industrial effluents contain soluble 
organic or inorganic ligands wnich aid to keep the nigh metal 
concentration m solution that is required for plating purposes. 
The complexation of metal ions with these ligands can dramati- 
cally increase or decrease adsorption compared to a ligand-free 
system. Further, the metal adsorption appears to be a hignly 
species dependant phenomenon; for example, there may be abrupt 
change of adsorption behaviour coincident with the formation of 
a particular metal species. Tnus, for the oiosoroents to be 
effective for the treatmert of industrial wastewaters, tneir 
interaction with metals should be stronger than that of metal 
and soluble ligand complexes. Further, the percentage distri- 
bution of the metal species m tne complex wastewater system 
should be known for the practical application of any treatment 
process. The present study evaluates the significance of the 
presence of ligands and their importance m process design 
considerations, by investigating the effect of few complexing 



anions like pyrophosphate, oxalate, citrate and EDTA (some of 
these are often used m metal plating industries) on the sorp- 
tion of Cu(II) by biosorbents. The speciation of the metal, m 
presence of various concentrations of these ligands and at a 
particular pH, was determined using a mathematical model, des- 
cribed m tne following sections. 

5.5.1. Speciation of Cu(II) 

Calculation of Cu(II) speciation was accomplished 
using a modified version of the computer program COuICS (Perrin 
and Sayce, 1967J. This quantitative approach to metal binding 
could yive some useful informations, i.e., 

1. Estimation of equilibrium concentration of free metal ions, 
complexmg agents and metal complexes, tnus providing a 
useful picture of the distribution of each kind of species 
in a mixture of ligands. 

2. The effects of variations m ligand concentrations on the 
speciation of metal complexes. 

The program, COhICS (Concentration Of Metal _Ions and 
Complex Species) , was designed tc deal with all types of metal- 
comp le> equilibria, such as mixed-ligand or mixed species, hydro- 
lysed, protonatea, or polynuclear species, and the usual step- 
wise (1:1, 1:2, etc.) complexes, as well as protonated ligands 

and hydrolysed metal ions. Thougn the speed with which this 
metnod leads to convergence was less compared to many otner 
mathematical models, this was offset by the much simpler prog- 
ramming requirements and also oy tne greatly diminished amount 
of core storage. In fact, in its first application, COMICS was 



used to compute the composition of a 10-metal-10-ligand system. 
In the present work, the program was simplified so as to use 
for one-metal- two- ligand systems. This program calculates the 
equilibrium concentrations of different species present at a 
particular pH, provided the total soluble concentrations of 
metal and ligand, the association constants of the species 
formed, and the metal-ion hydrolysis constants are known. 

These constants were adapted from Horel (1983). 


5.5.2. Effect of Ligands on Cu(II) Sorption 

The effect of some selected ligands of different 
aqueous phase concentrations, on the Cud I) removal by sorbents 
O', M ) arc presented m Figures 5.11 to 5.14. To obtain these, 
experiments were conducted Keeping the solution pH constant an 5 
by adding 0.02 M acetate buffer, and hence tne system immedia- 
tely became a one-metal- two- ligand system out of which acetate 
was common. The percent equilibrium concentrations of the diff- 
erent metal species present m the aqueous phase, as calculated 
oy tne computer program, are shown along vith their percentage 
removals by II and M m Figures 5.11 to 5.14. Tne computer 
predicted free metal concentrations m the presence of ligands 
were m complete agreement witn the measured free metal concen- 
trations using Orion ion specific copper electrode. 

An examination of the figures indicates that, m general, 
the anions investigated caused a wide degree of inhibition of 
metal uptake and none enhanced the metal uptake. Pyrophosphate, 
even at tne highest concentrations of 10 mu (me tal- lig and ratio 
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of 1*20) exhibited apparently no inhibition m the copper ( I I) 
uptake by both M ana M (Figure 5.1l) while EDTA completely 
inhibited the Cu(Il) uptake even at a concentrations of 0.5 mK 
(metal : ligand of 1.1) as per Figure 5.14. 

The me-cal uptake, m the absence of the ligands but m 

presence of a common anion (acetate) used to maintain the pH, 

was taker, as a control to compare the inhibition of metal 

uptake by other ligands. Results show that the ligands up to a 

concentration of 0.01 mK do not have any effect on the specia- 

tion of metal as well as on the metal uptake potential of the 

sorbents. The dominant species, m above systems as well as 

the ligand-free system, were free Cu ions (42%) and copper- 

acetate (45%) . The free metal was cross checked with that 

measured using onon ion specific electrode. Though Cu- 

(acetate)^ complex was present (13%) m these systems, it was 

not removed by K wmle a small fraction (3%) of this species 

could he removed by M . Further it can be observed that tnere 

c 

is a sharp decrease in free metal concentration at ligand 
concentrations of 0.5 mil, for all tne ligands. The free metal 
was zero for an EDTA concentration of 0.5 mh. 

A close examination of the figures show’s chat the decr- 
ease m concentrations of free metal as well as acetate comp- 
lexes reduced the metal uptake capacity of the oiosoroents 
except m the presence of pyrophosphate. The metal uptake by 
the biosorbents were completely inhibited by tne presence of 
Dbl'A at concentrations of G.5 mh and higher, indicating that 
the groups on sorbents are not able co free the metal from the 



Cu-EDTA complex. The lesser inhibition by pyrophosphate on 
metal uptake can be attributed to the capacity of the binding 
sites on the sorbent surface to interact with tne copper-pyro- 
phosphate complexes. 3oth K and M removed completely the 
Cu-pyrophosphate complexes, though it was the dominant species 
{ 13 %) at a ligand concentration of 10 mh (h ;L of 1:20). Tnese 
results obtained with the pyropnosphate system are significant 
and indicate that the removal of Cu(II) by oiosorption from 
effluents of metal processing industries could be successfully 
employed, provided pyrophospnate is used m tne metal processing 
to keep the metal in solution. 

The metal uptake m the presence of 1 mb citrate was 
found to be 49 % and 59 % respectively by M and M , while it was 
reduced considerably when the ligand concentration was increased 
to 10 mil (Figure 5.13). 

Treated G. luc idum (h ) was marginally better tnan tne 
untreated one m biosorptive capacity m tne presence of ligands 
except for oxalate, for which it snowed a large removal compared 
to h. When the oxalate concentration was 10 mil, 2C‘,o metal 
uptake was observed with h while apparently no removal was 
od served witn h. 

The metal uptake mnibition caused by the anions, in 
general, followed the order, hDTA > oxalate > citrate > pyro- 
pnosphate for G. lucidum (ll) while it was slightly different 
for treatea G. lucidum , i.e., x.DTA > citrate > oxalate > pyro- 
pnosphate. It is logical to compare the stability constants of 


the metal-ligand complex with tne uptake inhibition ooserved m 



presence of anions followed the same order of magnitude as that 
of the stability constants. The deviation from this order, 
observed for treated G. lucidum suggests tha c ranges m certain 
surface binding sites which could displace more metal from the 
copper-oxalate complex. Furtner, the metal uptake observed 
with treated G. luc id urn , m the presence of oxalate of 10 mM 
(I igure 5.12), suggests that the binding sites of the soroents 
could accumulate Cu(II) even wnen the dominant species was 
Cu (oxalate) while this was the case by untreated G. luc idum . 

It appears tnat m the presence of oxalate and citrate, empl- 
oying Fi for metal removal is better. 

Since no enhancement of tne metal uptake was observed 
either by M or by M , m the presence of complexmg anions, the 
metal- sorbent- lig and interactions may be grouped into the foll- 
owing categories i.e., (1) metal ligand complexes may form 

that are non-adsorbing or weakly adsoromg resulting m a dec- 
rease m metal sorption due to the ligand presence and (2) the 
anionic ligands on the sorbent surface may shift the equili- 
onum from me tal- aqueous ligand complexes to that of metal- 
soroent depending on their stability constants. 

To know whether these soroents are able to adsorb the 
metal-ligand complexes, COD of che aqueous pnase was determined 
oefore and after the sorption process. No significant change 
m CO u during the sorption process was ooservea, tnus negating 
the first premise that the metai-lig and complex as such is 
getting adsorbeu. Further, tne results of COD are indicative 
of the snif ting of the metal equilibrium from ligand based 



aqueous phase to solid based ligand system m which the ligand 

contributing COD is left Joehmd the liquid. 

5.6. Measurement of Complexation Parameters 

The complexation reaction between a metal, M, and a 

ligand, L, can be represented oy nh + L = K L wnere n is a 

n 

positive integer. The equilibrium constant, k, for the reac- 
tion is given oy 


O Ll 

K = § (5.7) 

The complexation capacity and conditional stability cons- 
tants of the sorbent can oe evaluated by adding a range of metal 
concentrations to it m the aosence of other possiole competi- 
tive inorganic or organic ligands. Determination of conditional 
stability constants is usually dependant on measurement of the 
free and complexed (.or soroent bound) metal concentrations, M, 
and respectively, with no direct measurement of either the 
bound or free ligand concentrations (L ana L,, respectively). 

It is to oe noted here that the soroent is considered as a 
ligand witn which the metal is complexed. If the complex nas 
1:1 stoicniometry , then xj f can oe expressea as and 

as Suostitutmg tnese vaiues into Lquation 5.7 and reaa 

rearranging yields the linear expression from vmch the condi- 
tional stability constants, x' and the complexation capacity, 

L^_, can be calculated (Ruzic, 1982), i.e.. 




h f Ji f _1 

K r = L t k‘L t 


(5.8) 


p plot of against M f yields a rectangular hyperbola 



which is often described as "L- shaped". Thus, metal adsorption 
that correspond to an L- shaped isotherm could be representative 
of 1:1 complex formation. Further, by plotting the ratio of 
free to round metal versus the free metal concentration 

(h^), a straight line is obtained for whicn the slope is the 
inverse value of the complexation capacity (1/L^,) and the inter- 
cept is the inverse value of tne product of the conditional 
stability constant and the complexation capacity (1/K’L^). 

In the present mvestic ation the biosorbents (H and L ) 

c 

were equilibrated witn a rarge of free metal ion concentrations 
to yiela a senes of values for n and i*^, wmch were subsequ- 
ently used for the determination of complexation parameters. 
Sorrents preconditioned at pH 5 were used so that no other anion 
need to oe incorporated m the sorption process to maintain tne 
constant pn . The free metal ion was determined using onon 
Cuul) selective electrode. 

Plots of bouno metal concentration (i^) against free 
metal concentration (i, ' for H and „ presented m Figure 5.15, 
gave typical L-snaped curves indicating 1:1 stoichiometry bet- 
ween the metal and ligand Inere sorbent). Further, the L-shaped 
curve is indicative of a redaction m the number of available 
binding sites as [l-j increases, such that the proportion of 
total metal bound at nigher concentrations decreases. Such a 
pnenornena may be described by the Langmuir isotherm. 



whicn is analogous to tne equation 5.8. Here the affinity and 
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Fig 515 Plot of Free Metal Concentration (M f ) to 
Bound Metal Concentration (M b ) 



capacity parameter (b and Q , respectively) are equivalent to 
the conditional stability constants (k‘ ) and complexation capa- 
city (L ) respectively. when this isotherm is applied to 
adsorption, the following conditions must be met (Lawson et al . 
1984) : u) a monolayer ol ions is formed on the ssroents, and 

these ions are non- interactive; ( 11 ) tne energy of adsorption 
should be the same for all ions. V«nen applied to complexation, 
these conditions may oe translated as (i) the formation of 
complexes with 1:1 stoichiometry and l n ) the identical nature 
of all binding sites contributing a particular value of [L ] . 

The results obtained m tne present course of experiment 
were used for tne determination of complexation parameters (R ' 
and L^) by plotting the ratio (K f /h^) Vs. M f as per Figure 5.16 
Untreated G. lucidum appears to have the group (s) with log K* 
values of 4 .S' L/mole while alKali treated G. lucidum has 
group ksJ with log R ' 4.7 L/mole. Tne complexation capacity 

(L^) for h and h are respectively 670 and 708 umol/g. Both 
log and L values are more for h tnan li, thus the former 

should have higher copper rep>oval potential. Experimentally K 
always registerea higher metal removal. Similar approach was 
employed by Stephenson et al. (.19 87) to delineate the mechanism 
of metal removal m activated sludge. 

Tri am mo tnethylamme [ (bri^Ch^CH^ ) Tren], an amine 
grou F has a log k* value of 4.1 with copper at pH 5.0 (Ringoom, 
19o3/. It may be assumed that this amine group present on 
scioent may be responsible for copper sorption. However, far- 
ther proof for this is needed. 




Fig 5 16 Plot of Free Metal Concentration (M t ) 
vs M,/M b . 



In the preceding section it was mentioned that pyrophos- 
phate forms a weak complex with copper Clog k', 1.1) m aqueous 

phase at a solution pH of 5.0. Since the groups on M and h 
have a higher log K* values, tne metal from pyrophosphate com- 
plex is released to get adsorbed to the soroent group. The 
uninhibited uptake of metal m the presence of pyrophosphate 
gives experimental support for this. ELTA forms the stronger 
complex with copper (log k', 10.7). But, the Cu-sorbent ligand 
complex is mucn weaker Qog K', 4.5) and hence no metal removal 
from aqueous phase can ce expected m tne presence of ELBA. 
Further, desorption using BETA yielded almost 100 „ removal of 
metal from sorbent indicating LDTr can Dreak the Cu-sorbent 
ligand complex releasing the Cu(IU into aqueous phase. 

Tuc mentioned rr>odei is based on the assumption of 

1:1 stoichiometry^ while ' n' need not be unity. Stephenson et al . 
( 1987; suggested a model to evaluate log K* values wnen n 1, 
for metal-ligana interaction. For a metal -ligand system a 
fractional saturation coefficient, F, can oe defined as the 


etal oound at a stoichiometry of n:l, i.e., nj_ti L], as a pro- 
portion of the maximum metal binding capacity, nL , i.e.. 


n [\L] 


[K l! 
L n - 


+ L 


kTT 


(5. 1C) 


1 + K' h 


be rtmg 

F 


= 1/x yields 



k + F 


,n 

*f 


(5.11) 


A linear form of Equation 5.11 is as follows: 



F 

1 - F 


( 5 . 12 ) 
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n 


= (- 


K + M 


n 


•) (- 


K + M 


n 



Hence 


p 

1 og l— — - — ) = n log - log K = n log + log K‘ 

( 5 . 13 ) 

A break-point can be detected m the plot of A^ against 
since there wall be sharp change m slope of the plot, when 
the binding sites are fully occupied with the metal. Beyond 
this break-point, the metal added to the system will remain in 
uncornbined form. If the coordinates of the break-point are 
denoted (p, qj , a parameter 'a' can oe calculated from 

a = P - q (5.14) 

For all values of M that are less than p, F is given by 



v hence 


log (- 



n log + log K' 


(5.16) 


Equation 5.16 can be solved graphically to yield tne stoi 
chiometry of the complex (n) ana K ' can be calculated from the 
intercept on y-axis. 

Figure 5.17 shows the variation of free metal concentra- 
tion optamea with A and h , over a range of total metal concen 
tration added to the system. The value of 'a' obtained from 
tnis plot was used to determine tne stoichiometry tn) and condi 
tional ability constants (K‘) oy plotting tne values of 



Free Metal Concentration (M f ), mg L 



Fig 5 17 Plot of Total Metal Concentration (M t ) 
vs Free Metal Concentration (M f ) 




M 

loqC ^ — ) Vs. the log(M, J values as shown m Figure 5.18. 

v a - K f 

D 

The values of 'n' for M and h are 0.733 and 0.740 respectively. 
Tne conditional scaoiliry constants, obtained for K and F. , 
assuming an n:l stoicniometry , are 5.02 and 5.64 L/mol respec- 
tively , which are sligntly higher tnan tnose values for 1:1 
stoicniometry. This revised values for log ^ ’ indicate sligntly 
higher level of complexation that actually occurs. 




6 . 


SUMMARY AND CONCLUSIONS 


Tne effect of various aqueous conditions like pH and of 
the presence of different completing ligands usually associ- 
ated with metals m waste streams, on the biosorption of copper 
by G. l uc idum was investigated. The adsorption-desorption 
behaviour of the oiosorption system was also investigated to 
determine the reversible component of sorption. The efficiencies 
of different eluants to aesoro the metal from the sorbent were 
studied. further an attempt was made to evaluate the complexa- 
tion capacity and conditional sterility constants of the metal 
binding site(s) or ligandvs) on the surface. Based on the 
results m tne present investigation, the following conclusions 
in ay be or awn: 

1. Kinetics of oiosorption of Cu(II) is very rapid completing 

of tne sorption m 30 minutes and attaining the equi- 
librium time less tnan an hour. 

2. ph 6 appears to oe the optimum for oiosorption of Cu(Il) 
by i'i and n . The difference in metal uptake is marginal 
at pH 5 and 6. Usually the pH of metal processing waste- 
waters ranges frorr 5 to o ana hence, G. lucidum can be 
effectively employed for metal removal from effluents of 
metal processing industries. The anons presented m the 
buffer affect tne sorption process. Out of acetate ana 
phtheiate buffer, the later exhibited less removal. The 
removal by sorbents, preconditioned at pH was same as 
wnen acetate buxfer was used. 



The biosorption of Cu(Il) by M and M is a non- reversible 
process. Hence the metal removal may oe due to the 
chemical bonding between the metal and the ligand (s) on 
surface of the soroents. 

The presence of anions m the solution was found to mhi- 
jo 1 1 tne uptake of CuiII) by M and M . The extent of 
uptake inhibition is related to the metal ligand binding 
strength. In pyrophosphate system, the inhibition to 
metal uptake is the least while for EDTA, it is the maximum. 
Hence the use of pyropoospnate as a complexmg ac^rt to Keep 
rhe metal m solution m metal plating moustnes, can defi- 
nitely help tne end pipe pollution control metnods, as the 
metal can be removed/ recovered efficiency, fr exhibited 
better metal uptake than K m the presence of oxalate. 
Solutions of HC1 and EDTA, appears to be efficient eluants, 
capable of desorbmc almost 100-/0 of tne sequestered copper. 

The elution efficiency of EDTA can oe attributed to its 
strong cnelatmg capability (stability constants =1 0 . 7 ) .Furthe 
complete inhibition of metal uptake m tne presence of 
ETTA by H and h provide a strong evidence to its cheia- 
tmg efficiency. 

The conditional stability constants ana corpplexatj.on Capa- 
cities Obtained for tne site Is) or ligandls) on tne sor- 
bent surface, suggest the existence or certain group 
the surface whicn nave similar comp lex at ion capacity as 
that of an amine complex blrenl . This conditional stab- 
ility constants (4.5 ana 4.7 L/mole respectively for K 



and M ) are indicative of their potential to adsorb the 
metal from aqueous phase wnen pyrophospnate, oxalate or 
citrate ions are present along with the metal m solution 
and failure to do so when EDTA is present. 



7. 


SUGGESTIONS FOR FUTURE WORiv 


The following suggestions may be made for future worx 

whicn include 

1. Precise identification of the anionic ligand (s)/group (s) 
on the soroent surface so that the mechanism of biosorp- 
tion of Cuill) can oe elucidated. 

2. Studies on the effect of organic or inorganic ligands on 
the sorption process by employing a continuous flow 
system. 

3. Studies on multi-metal and rrulti-lig and system to evaluate 
the potential of G. l uc idum for removal of these metals. 

4 . Optimisation of elution process using different concent- 
ration ana volumes of eluants. 

5. Batch and continuous studies on metal removal from actual 


wastewater from industries. 
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